Purpose: Minor salivary gland cancers are rare and account for roughly 2% to 3% of all head and neck tumors. This is a retrospective review in a modern cohort of patients treated for this rare cancer with surgery and adjuvant radiation therapy.
M
inor salivary gland tumors are rare and account for approximately 2% to 3% of all head and neck tumors. 1 They are usually found in the oral cavity and less often in the nasal cavity, paranasal sinuses, pharynx, and larynx. There are nearly 40 histologic subtypes, many being exceptionally rare. 2, 3 In contrast to their major salivary gland counterparts, minor salivary gland tumors have a higher propensity to be malignant. 4, 5 The most common malignant minor salivary gland subtypes include mucoepidermoid carcinomas and adenoid cystic carcinomas. 6 Despite the variety of histologic subtypes and anatomic locations of disease, there are similarities in regard to treatment and clinical outcomes.
Major salivary gland tumors, which benefit from a relative wealth of literature, have been the model to justify the utility of postoperative radiotherapy (RT). Postoperative RT for major salivary gland cancers has shown benefit in patients with locally advanced disease, recurrent disease, high-grade histologic types, and lesions with positive margins. 7, 8 Extrapolating from this knowledge, minor salivary gland lesions have the potential to benefit from adjuvant RT as well.
Surgery has been the mainstay of treatment for patients with tumors of the minor salivary glands. 9 Postoperative RT is not as well defined due to the scarcity of studies on the subject matter. Some of the largest series using RT for minor salivary gland cancers comes from data from patients treated during the 1960s; so, the advances in RT, surgery, imaging, and chemotherapy are not reflected in their outcomes.
The aim of this study was to review our institution's experience in patients with minor salivary gland cancers treated with postoperative RT, and limit our report to a modern cohort. Furthermore, we sought to identify factors predictive of local control (LC), locoregional control (LRC), and distant metastasis (DM) outcomes for this group of patients treated by both surgery and postoperative RT.
METHODS

Patients
Between February 1990 and December 2010, 773 salivary gland cancer patients were treated by physicians at Memorial Sloan-Kettering Cancer Center (MSKCC), of which 127 patients had minor salivary gland cancer. The records of 98 consecutive minor salivary gland cancer patients who received adjuvant RT at MSKCC were identified. Table 1 shows baseline characteristics for our cohort, with a median age of 52.5 years at diagnosis (range, 18 to 92 y). Among these patients, there were 43 men and 55 women.
No patient received prior RT for the cancer of interest, and none had DM at presentation. The median follow-up was 87 months, ranging from 1 to 246 months. Before the initiation of therapy, all patients underwent a complete history and physical examination along with necessary imaging such as computed tomography and magnetic resonance imaging. More recently, positron-emission tomography was frequently used in the staging and evaluation of these patients. Table 2 shows the histopathologic baseline characteristics of the cohort. The oral cavity was the most common involved site, whereas adenoid cystic carcinoma was the most common histologic subtype. According to the American Joint Committee on Cancer (AJCC) 7th edition, 23 patients had T1 disease, 27 had T2 disease, 12 had T3 disease, and the remaining 36 had T4 disease. Importantly, salivary gland tumors are staged according to the site in which they involved and do not have their own independent staging system. Regional nodal disease was present in 27 patients, of whom 12 were N1, 12 were N2b, and 3 had N2c disease. Twelve patients had recurrent disease as the indication for postoperative RT.
Among the 38 oral cavity lesions, 18 were of the hard palate, 8 in the buccal mucosa, 8 floor of mouth, 2 gingival, 2 oral tongue. The 17 oropharynx lesions consisted of 14 base of tongue, 2 soft palate, and 1 tonsil. Of the 26 nasal cavity/ sinus lesions, 14 were of the maxillary sinus, 3 of the ethmoid sinus, and 9 of the nasal cavity.
The surgical procedures performed on these patients were site dependent. Postoperative margin status was as follows: 44 positive, 14 close, 31 negative, and 9 with missing margin information. For patients at presumed high risk for local or distant recurrence, chemotherapy (n = 16 patients) was given at the choice of the treating medical oncologist.
All patients received RT at MSKCC. The doses prescribed typically were between 60 and 70 Gy, with a median of 63 Gy. Eighty-four patients were treated with 6 MV photon beams alone, 11 with a mixture of photon and electron beam, and the remaining with cobalt ± electron beam. Intensitymodulated radiation therapy (IMRT) was generally used in patients treated after year 2003 and was used for the majority of patients treated with photon beam-only RT. The treated volume included the postoperative bed and, if regional lymph nodes were involved, or high-risk features were present, elective nodal radiation was performed. Thirty-seven patients had RT to their nodal basins, of which in 20 cases this was elective nodal treatment. Fourteen patients had a low anterior neck field to treat their bilateral lower neck.
Actuarial likelihood estimates for LC, LRC, and DM-free survival were determined using the competing-risk method with death as a competing risk. Univariate hazard ratios (HRs) and 95% confidence intervals (CIs) for LC, LRC, and DM were calculated using a competing-risks regression model. Multivariate analysis was not performed due to the limited number of events. Grading of toxicities was performed using the Common Terminology Criteria for Adverse Events (CTCAE), version 3.0. Two-sided P values r0.05 were considered statistically significant. Statistical analysis was performed using R version 2.13.0 (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
For the entire cohort, the 5-year LC rate using competingrisk analysis was 87.9% and the 10-year LC rate was 80.5% (Fig. 1A) . On univariate analysis, T stage predicted for worse LC (P = 0.03; HR = 1.75; 95% CI, 1.06-2.89). Adenocarcinoma histology also predicted for worse LC (P = 0.02; HR = 3.48; 95% CI, 1.15-5.12). Margin status and N stage did not predict for local failure. Figure 2A shows the Kaplan-Meier curve by histology, with myoepithelial, "other," and adenoid cystic histologies having the greatest LC. As seen in Figure 2B , missed treatments resulting in an increased time to complete RT correlated with a trend toward worse LC (Z50 vs. <50 d; P = 0.06).
The 5-year LRC rate using competing-risk analysis was 83% and the 10-year rate was 73.7% (Fig. 1B) . On univariate analysis, T stage (P = 0.01; HR = 1.69; 95% CI, 1.11-2.59) and adenocarcinoma histology (P = 0.007; HR = 3.38; 95% CI, 2.68-3.61) predict for worse LRC. N stage and margin status did not predict for locoregional failure.
The 5-year DM rate with competing-risk analysis was 17%, and the 10-year rate was 37% (Fig. 1C) . On univariate analysis, T stage trended for predicting worse DM (P = 0.08; HR = 1.33; 95% CI, 0.96-1.86). The median overall survival (OS) was 19.6 years, with an OS of 82% and 58% at 5 and 10 years, respectively (Fig. 3) .
Toxicity grading for both acute and late toxicities can be found in Table 3 . Acute toxicity experienced by the cohort 
DISCUSSION
Minor salivary gland tumors are rare, and much of the reported literature includes patients treated before 1990. 1 In the last 2 decades, significant advances have been made in surgical technique, chemotherapy, and RT. Computed tomography and magnetic resonance imaging were not routinely available before the 1980s, and the widespread implementation of these modalities has allowed better characterization of the extent of disease before treatment. Furthermore, positron-emission tomography imaging has played an important role in head and neck cancer in defining the extent of disease and for RT planning. Because of these advances, there has been stage migration toward more advanced stages being diagnosed before surgical resection. With these considerations, we report excellent control rates with the modern day treatment of surgery followed by adjuvant RT, with reduced rates of toxicity compared with historical series.
Prognostic Factors
Although the literature is scarce regarding the effects of postoperative RT on outcomes, several authors have looked at prognostic factors of minor salivary gland cancers. Historically, tumor stage, surgical margins, and lymph node involvement were utilized as predictive factors of disease-free survival. Two groups published the prognostic importance of nodal stage on outcomes. Anderson et al 10 reported on 95 patients (64 with oral cavity lesions) treated over a 35-year period, and Feinstein et al 2 looked at 74 patients in a 16-year period, with 39% of them having N2 disease and 58% having N0-1 disease. Both authors concluded that nodal disease was strongly associated with worse outcomes, such as OS and disease-free survival. However, we report that, on univariate analysis, for the use of adjuvant RT in our cohort, N stage did not predict for either local or locoregional recurrence. It should be noted that, because of the limited number of events, multivariate analyses were not performed. Interestingly, of the node positive patients, 10 were oropharyngeal subsites, 10 from the oral cavity, only 1 from the paranasal sinus region, and none were node positive from the nasopharynx, larynx, hypopharynx, or nasal cavity.
Others have found grade to be a strong prognostic factor in regard to outcomes. In 2008, Loh at al 11 published a study on 171 minor salivary gland cancer patients and found that the grade of the tumor was the only factor associated with diseasespecific survival (DSS). They found that adenoid cystic carcinomas were associated with higher local and regional recurrence rates, at 42.9% and 6.5%, compared with adenocarcinomas (15.6% and 6.3%, respectively) and mucoepidermoid (10.5% and 5.3%, respectively). Our study also found adenocarcinoma to have higher recurrence rates than the mucoepidermoid type; however, adenoid cystic histology had a lower recurrence rate than adenocarcinoma (Table 4) . This may be due to differences in patient populations, as all our patients received surgery and postoperative RT, whereas Loh's series contained patients treated with surgery alone, RT alone, or surgery and postoperative RT.
In 2010, Iyer et al 4 discussed outcomes and predictive factors of minor salivary gland cancers in the oropharynx. In this paper, there was no statistically significant difference in OS or DSS among the different histologic types; however, there were some notable trends. Comparing mucoepidermoid and adenoid cystic carcinoma, OS and DSS were similar at 5 years, but at 10 years, survival was worse for patients with adenoid cystic carcinoma. These patients presented with a 10-year OS of 35% for adenoid cystic carcinomas versus 65% for mucoepidermoid carcinoma. The study further indicated 51% DSS for adenoid cystic carcinomas versus 85% for the mucoepidermoid type. The authors also reported that clinical T stage and anatomic subsite were independent predictors for OS, and T stage also predicted for recurrence-free survival. 4 Margin status has been studied, and for most cancers, the conclusion from most reports is that there is a higher recurrence rate for positive margins. Triantafillidou and colleagues concluded that the best method of treatment for adenoid cystic carcinomas is radical resection combined with RT. In contrast to our own study, Triantafillidou et al found that treatment failure was found to be associated with positive margins of the excised surgical specimen and named nerve involvement. 12, 13 With our cohort being significantly larger, we did not find margin status to predict for LC, LRC, or DM, and this may be secondary to differences in RT technique and target delineation.
Anatomic location also has been shown to be predictive for outcomes. 4 Weber and colleagues identified prognostic factors concerning minor salivary gland cancers of the lip and buccal mucosa. These authors reported that lesions arising in the lip have higher recurrence rates than those arising in the buccal mucosa. Their indications for postoperative RT for malignant salivary gland tumors of the lip and buccal mucosa include high grade, close or positive margins, perineural invasion, deep invasion into muscle and bone, and lymph node metastasis. 14 On the basis of our results we believe that, in the setting of postoperative RT, patients with adenocarcinoma histology, high T stage, and potentially other reported high-risk features including anatomic location, perineural invasion, high N stage, and close/positive margins should be considered at increased risk of locoregional recurrence. In this high-risk population, the use of chemotherapy should be considered. Currently, there is an active multi-institutional Radiation Therapy Oncology Group (RTOG) study open that will attempt to define further the benefits of chemotherapy.
Role of Radiation Therapy (RT)
Despite the rarity of minor salivary gland cancers, studies have demonstrated RT to be of great importance in improving outcomes. Yorozu et al 15 conducted a retrospective analysis of 31 patients who were treated with 4 to 6 MV photons at an average dose of 50 Gy in 16 fractions over 3 weeks. The study reported that definitive RT conferred a 5-year LC rate of 53% and when allowing for salvage surgery rose to 69%. These results highlight that definitive RT is a treatment option in patients who are poor surgical candidates or for whom the operation would result in unacceptable morbidity and poor cosmetic result. However, as with most head and neck cancers that are readily surgically accessible, the combination of appropriate surgical resection with postoperative RT often produces superior results.
Li et al 16 advocates that, although surgery with adequate margins leads to a favorable outcome in minor salivary gland tumors of the hard palate, postoperative RT, with doses of 49 to 70 Gy, is a useful adjunctive treatment. The authors noted that the benefit of RT is primarily useful for patients with poorly differentiated disease, cervical lymph node metastasis, positive or close margins, and large primary lesions. Furthermore, cervical lymph involvement is associated with decreased survival and is a strong indication for postoperative RT. 17 The optimal radiation dose for minor salivary gland cancers has been derived from multiple series. M.D. Anderson performed a retrospective study over 31 years including 160 patients who received postoperative RT after gross removal of their tumors was performed. 18 Of the entire cohort, 70% had lesions confined to the oral cavity and oropharynx, whereas the rest had lesions located in the nasal cavity and paranasal sinuses. This study concluded that for most patients a dose of 60 Gy in 30 fractions to the operative bed was the optimal treatment approach. 18 Others have found success with this dose fractionation, specifically in adenoid cystic carcinomas of the minor salivary gland. 13 At our institution, we routinely prescribe 60 Gy to the postoperative bed if there are negative margins, 66 Gy to close and positive margin, and 70 Gy if gross residual disease remains. Nodal disease is treated to 54 to 60 Gy based on the suspicion for involvement.
Our OS rates at 5 and 10 years were 82% and 58%, respectively, whereas Garden et al 18 presented rates of 81% and 65%, Li et al 16 presented rates of 77.9% and 65%, and finally Le et al 19 at Stanford University Hospital reported 75% and 63% at the 5-and 10-year marks, respectively. Our OS rates are consistent with the reported literature and are improved upon select series. The 5-year LC rate from our cohort was 87.9% and the 10-year LC rate was 80.5%, whereas Garden and colleagues presented 96% and 86%. Our excellent LC rates may be partly due to our policy of comprehensive nerve coverage to skull base for adenoid cystic lesions. Finally, Cianchetti et al 1 conducted a study that included definitive RT and postsurgical RT in the cohort and presented a 10-year LRC rate of 61%. It is difficult to directly compare cohorts secondary to stage migration, and tremendous variability in stage, histology, margin status, and other prognostic features.
Finally, in 2008, Gomez et al 20 at MSKCC published a study looking at 59 patients with adenoid cystic carcinomas of the head and neck who between 1990 and 2004 received RT at MSKCC. All but 5 received postoperative RT and 17 patients received IMRT, 15 three-dimensional conformal therapy, and the remaining received conventional RT. He was able to show 5-and 10-year LC rates of 91% and 81%, respectively, as well as 5-and 10-year disease-free survival rates of 76% and 40% and finally OS rates at 5 and 10 years of 87% and 65%, respectively.
Toxicity
Despite RT's pivotal role in the treatment of minor salivary gland cancers, it can lead to a variety of problems, many attributed to decreased salivary output. These include dryness of mouth, changes on oral function, and even ulcerations and injuries due to dryness of the oral mucosa, 21 all which are consistent with some of the toxicities observed in our study. However, there is an even greater lack of studies reporting on the toxicity of RT.
Gomez et al 20 in 2008 in his study of 59 adenoid cystic minor salivary gland patients showed that, acutely at least, all patients experienced mild mucositis, whereas 15 patients experienced grade 3 or higher toxicity. Chronically, 6 patients presented with grade 3 toxicity and none with grade 4.
Garden et al 18 reported an unspecified grade of hearing loss in 26 patients; visual problems in 22 patients, including keratitis (3), corneal ulcer (1), blepharitis (2), perforated globe (1), optic atrophy (4), nasolacrimal duct obstruction (1), retinal detachment (1), undocumented decreased vision (2), retinopathy (1), and cataract (1), 3 of whom underwent orbital exenteration; osteonecrosis in 12 patients; and brain necrosis in 3 patients. Many of these toxicities are grades 3 and 4 by modern CTCAE grading. In our cohort, we identified <20% of patients who experienced grade 3 toxicity, and no patient experienced grade 4 or 5 toxicity.
CONCLUSIONS
Tumors of the minor salivary gland have good 5-year control rates with surgical resection and postoperative RT with select use of chemotherapy for high-risk patients. The strongest prognostic features for local and locoregional recurrence include higher T stage and adenocarcinoma histology. These features should be considered for more aggressive treatment even in the setting of postoperative RT. Toxicity is acceptable with the addition of RT, and the most common serious toxicities include osteoradionecrosis, vision deterioration, and hearing loss. IMRT likely is primarily responsible for the improved toxicity profile seen over historic series.
